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ABSTRACT This article describes accuracy measurements against a reference scale from the Brazilian project to validate 
the Brazilian Functionality Index Applied for Retirement Purposes (IFBRA) for authorizing eligibility for early retirement. 
The IFBRA assesses the functionality of Persons with Disabilities (PwDs) by combining the International Classification of 
Functioning, Disability and Health, the Functional Independence Measure, and performance and barriers to classify severity 
levels. It represents the third phase of a nationwide validation study. Accuracy was derived from a census survey of spontaneous 
demand to determine eligibility for early retirement and assessed sensitivity, specificity, and effectiveness compared to the 
standard scale constructed for this study. The nationwide survey assessed the best agreement between physicians’ and social 
workers’ assessments of disability severity of insured PwDs workers. Maximum effectiveness and performance with sensitivity 
and specificity of 85% occurred when we combined the two professional raters’ sum scores with cutoff points at respective 
percentiles and absolute values of the evaluator pairs at 20% – 6,060, 43% – 6,750, and 84% – 7,750. The IFBRA demonstrated 
high accuracy, validity, and effectiveness according to the reference standard. 
KEYWORDS Disability evaluation. Validation studies. Reproducibility of results. Social welfare. Retirement.

RESUMO Este artigo descreve medidas de acurácia comparadas a uma escala de referência do projeto brasileiro de validação do 
Índice de Funcionalidade Brasileiro Aplicado para Fins de Aposentadoria (IFBRA), para autorizar a elegibilidade à aposentadoria 
antecipada de Pessoas com Deficiência (PcD). Avalia a funcionalidade combinando a Classificação Internacional de Funcionalidade, 
Incapacidade e Saúde, a Medida de Independência Funcional, o desempenho e as barreiras para classificar níveis de gravidade. 
Representa a terceira fase de um estudo de validação nacional. A acurácia derivou de um levantamento censitário de demanda 
espontânea para determinar a elegibilidade à aposentadoria antecipada e avaliou sensibilidade, especificidade e eficácia comparadas 
à escala padrão construída para este estudo. O levantamento nacional avaliou a melhor concordância entre as avaliações de médicos 
e assistentes sociais sobre a gravidade da deficiência de trabalhadores PcD segurados. A eficácia e o desempenho máximos, com 
sensibilidade e especificidade de 85%, ocorreram quando se combinaram as pontuações dos dois avaliadores profissionais com os 
pontos de corte nos respectivos percentis e valores absolutos dos pares de avaliadores em 20% – 6.060, 43% – 6.750 e 84% – 7.750. 
O IFBRA demonstrou alta precisão, validade e eficácia de acordo com o padrão de referência.
PALAVRAS-CHAVE Avaliação da deficiência. Estudos de validação. Reprodutibilidade dos testes. Seguridade social. Aposentadoria.

RESUMEN Este artículo describe medidas de exactitud comparadas con la escala de referencia del proyecto de validación brasileño 
del Índice Funcional Brasileño Aplicado a Fines de Jubilación (IFBRA), para la elegibilidad a la jubilación anticipada de personas 
con discapacidad. Evalúa la funcionalidad combinando la Clasificación Internacional del Funcionamiento, de la Discapacidad y de 
la Salud, la Medida de Independencia Funcional, el desempeño y las barreras para clasificar los niveles de gravedad. Representa 
la tercera fase de la validación nacional. La exactitud se derivó del censo de demanda espontánea para la elegibilidad, evaluando 
sensibilidad, especificidad y efectividad comparadas con la escala estándar construida para este estudio. La encuesta nacional 
evaluó la concordancia entre médicos y trabajadores sociales con respecto a la gravedad de la discapacidad de los trabajadores 
asegurados. La máxima eficacia y rendimiento, con una sensibilidad y especificidad del 85 %, se obtuvieron combinando las pun-
tuaciones de los dos evaluadores profesionales con los puntos de corte correspondientes a los percentiles y valores absolutos de 
cada par de evaluadores: 20 % – 6,060, 43 % – 6,750 y 84 % – 7,750. El IFBRA demostró alta precisión, validez y eficacia conforme 
al estándar de referencia.
PALABRAS CLAVE Evaluación de la discapacidad. Estudios de validación. Reproducibilidad de los resultados. Bienestar social. 
Jubilación.
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Introduction

The Brazilian Constitution establishes uni-
versal, equal rights, regardless of ability or 
disability. However, Persons with Disabilities 
(PwDs) still struggle to enter and remain in 
the labor market1–3.

The 2022 Brazilian census, released two 
years later, showed that of the country’s 198.3 
million inhabitants, 14.4 million (7.3%) were 
PwDs, of whom 403,255 were formal workers 
and insured contributors to the Brazilian 
public Social Security4,5. In 2013, the Brazilian 
National Congress enacted Complementary 
Law (LC) No. 1426 to promote the United 
Nations Convention on the Rights of Persons 
with Disabilities (CRPD), which Brazil ratified 
in 20077. Under this law, working PwDs have 
the right to retire early for a fraction of the 
regular contribution period. In addition, the 
National Institute of Social Security (INSS) 
is tasked with conducting a disability assess-
ment to assess the eligibility of PwDs for early 
retirement6,8,9.

The Institute for the Study of Labor and 
Society (IETS), a non-governmental organiza-
tion, produced the Brazilian Functional Index 
(IFBR), an instrument developed to measure 
and classify the type and intensity of disability 
in PwDs10,11. The original version of the IFBR 
was then adapted and, in 2013, it was renamed 
the Brazilian Functionality Index Applied 
for Retirement Purposes (IFBRA), according 
to a resolution of the Federal Government 
Committee, in which these rights were clas-
sified by law according to the severity of the 
disability attributed to workers, which ranged 
from severe to moderate, mild, or ‘undefined’ 
(with no right to benefits)8.

The IFBRA allows the interviewer to assess 
a person’s ability to complete an activity using 
a dependency scale and a scoring matrix that 
combines the International Classification of 
Functioning, Disability and Health (ICF) with 
the Functional Independence Measure (FIM). 
It also uses a dependency scale and accounts 
for help from other people, special goods, and 

adaptive technologies, relative to others in the 
same social and cultural context. This matrix 
design applies concepts from public health 
and disability studies12–15.

The IFBRA score includes seven domains 
of activities and participation, comprising 41 
questions (sensory, communication, mobility, 
personal care, home life, education and eco-
nomic life, socialization, and community life), 
plus an additional set of four questions used 
in Fuzzy logic-based decision-making16–20.

Since 2014, although it has not been val-
idated, physicians and social workers have 
used the IFBRA in disability assessments for 
more than 17,000 PwDs requesting early re-
tirement. There is strong demand, both from 
government agencies and PwDs themselves, 
to validate the criteria that determine severity 
levels used to regulate PwDs’ rights to disabil-
ity retirement.

The first problem was the lack of a previous 
standard to assess scores and determine the 
severity of PWDs’ disabilities. The IFBRA was 
developed without prior knowledge of com-
parative studies that categorized the disability 
as severe, moderate, mild, or undefined7.

This article describes how a project by the 
Research Group of the University of Brasília 
(UnB) collected national data to develop a 
standard reference scale and presents an ac-
curacy analysis to determine the most effective 
cutoff points for IFBRA sum scores.

Material and methods

To analyze the accuracy of the IFBRA, a na-
tional cross-sectional survey was conducted 
using a census design21,22. This was the third 
phase of a comprehensive project to assess 
IFBRA validity. The first two phases evaluated 
construct and face validity and were described 
in another publication23.

This ‘Phase III’ precision analysis, or quan-
titative validation, was conducted using official 
national computer registries of all legal as-
sessments carried out and registered in Brazil 
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between November 2013 and January 2016. 
We included all records with a recorded sum 
score. We compared the automatic disabil-
ity scores from IFBRA government records 
with responses to three questions added at 
the end of, and outside, the IFBRA matrix. 
Those questions assessed the severity of the 
disability as perceived by the interviewed PwD 
worker and his evaluators, a pair consisting of a 
physician and a social worker. This procedure 
is described in a separate article.

In the absence of other standards, the ap-
proach involved constructing a reference scale 
by collecting, examining, and measuring the 
opinions of the three people involved in each 
interview, regardless of IFBRA scores. The 
study group applied the common assessment 
area between physicians and social workers 
and treated their agreement on severity at 
the intersection as a ‘platinum standard’ to 
validate the IFBRA scale.

The study analyzed total agreement 
between pairs of evaluators, regardless of 
the summed scores of the Information and 
Systems Regionalization Project (PRISMA). 
The best agreement between the three possible 
pairs was observed in the pair composed of a 
physician and social worker, who obtained 
a total agreement of 49.89% in the severity 
assessments (Kappa index = 0.2707)24. We 
adopted the intersection agreement area of 
Boolean algebra as a ‘platinum standard’ to 
construct a list of three cutoff points that pro-
vided the best possible combination to balance 
sensitivity without losing specificity25,26.

First, we constructed curves with at least 
eight different cutoff points to evaluate a 
common intersection point and select the 
most appropriate cutoff point. The second 
step in the sensitivity analysis was to con-
struct graphics of the Operator Response 
Characteristics Curves to the Instrument 
(ROC) to compare sensitivity (true positive 
rates on the ordinates) with 1-specificity (false 
positive rates on the abscissas). We considered 

the best ROC curve to be the one with the most 
asymptotic design, i.e., with the largest area 
under the curve that included severe cases of 
disability and the largest area above the curve 
that excluded PwDs from eligibility for early 
retirement25,27.

According to the sensitivity analysis, we 
selected three cutoff points, accounting for 
the requirement of four line segments for the 
IFBRA sum scores, to classify from severe to 
ineligible.

In line with the specific Brazilian legis-
lation and the Principles of the Declaration 
of Helsinki, the entire project was analyzed 
and approved by the Internal Review Boards 
of the Faculty of Health Sciences of the 
UnB, under the Certificate of Presentation 
for Ethical Appreciation – CAAE No. 
37058914.5.0000.0030 and Opinion No. 
1.024.284. Each interviewee provided written 
informed consent for any material referring to 
themselves to be included in the study and ac-
knowledged that they could not be identified.

Results

We retrieved a total of 17,350 complete inter-
view records with PwD workers from across 
the country. The vast majority, 98.39% (n = 
16,799), received only one evaluation from both 
professionals – physician and social worker – 
while a minimal proportion, 0.159% (n = 544), 
were interviewed twice, and only 0.002% (n 
= 3) were interviewed three times.

The total ability to discriminate the disabil-
ity trait in the general population requesting 
early retirement benefits was evaluated. There 
was concern about the feasibility of using the 
IFBRA compared with evaluations by INSS 
experts and specialists. Graph 1 presents the 
ROC curve comparing the sum of the two eval-
uators’ scores with the standard classification 
of disability severity.
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Graph 1. Curves of characteristics of Operators’ Responses to the Instrument for IFBRA summation scores, considering all 
categories – severe, moderate and mild – as a ‘platinum standard’. National Census of PwD Workers registered with the 
INSS, October 2013 to January 2016

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30

Se
ns

iti
vi

ty
 =

 %
 tr

ue
 p

os
iti

ve
s

False positives = 1 - % Specificity

ROC Curve – Detecting deficiency and no deficiency 
(binary classification)

Source: Prepared by the authors.

Total discrimination of disability presented 
a good profile, with better performance in the 
middle of the distance between the eighth and 
ninth decile. Graph 2 shows that the point 
corresponding to a sum of 7,750 in the ninth 
decile offered a sensitivity of 85.44% and a 
specificity of 85.32% for better discriminating 

PwDs from candidates considered to have no 
disability trait. This value became the bound-
ary between the classification of ‘mild’ PwD 
and people with impediments that do not 
characterize disability or without the right 
to early retirement benefits.

Graph 2. Sensitivity and specificity curves with a cutoff point of 7,750 between severe, moderate and mild disabilities 
versus ‘no disability’, using the sum of the IFBRA or ‘platinum standard’ scores as reference. National Census of Brazil, 
October 2013 to January 2016
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The cut-off value of 7,750 points on the IFBRA 
scale seemed to balance the fairness of recog-
nizing versus excluding people from the law’s 
benefits. So, this was considered the limit for 
PwDs and people with minor impairments who 
could not be considered to have disabilities. This 
value became the limit between the classification 
of ‘mild’ PwDs and people with impairments 
who do not characterize disability or who are 
not entitled to early retirement benefits.

It was observed that physicians special-
ists recognized ‘severe disability’ with half 
the frequency of social workers. Physician-
social worker pairs agreed more on classi-
fying moderate severity than on classifying 
severe disability. Their shared assessment 
provided the best match when the sum 
scores were 6,060 or less, resulting in a 
sensitivity of 84.8% and specificity of 85% 
(graph 3).

Graph 3. Sensitivity and specificity curves with a cutoff point of 6,060 between severe and moderate disabilities, using the 
sum of the IFBRA or ‘platinum standard’ scores as the reference. National Census of Brazil, October 2013 to January 2016 
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Once the ‘platinum standard’ was assumed, 
we used the 17,350 observations from the 
national survey and performed a binary 
analysis to plot curves for true-positive and 

false-positive classification. The visual com-
parison demonstrates the positive perfor-
mance of these operators, since most of the 
area is under the curve (graph 4).
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Graph 4. Curves of Operators’ Response Characteristics to the Instrument for IFBRA summation scores, considering the 
severe category as a ‘platinum standard’. National Census of PwD Workers registered with the INSS, October 2013 to 
January 2016
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The same procedure allowed us to locate 
two additional cutoff points to separate 
moderate from mild (Sum of scores = 6,750; 
Sensitivity = 66.1; Specificity = 63.25 and mild 
from no right to benefits or ‘undefined’ (Sum 
of scores = 7750; Sensitivity = 14.23; Specificity 
= 14.56), thus obtaining three cutoff points and 
four line segments for the sum of the IFBRA 
scores.

Using this binary  classification method to 
obtain cutoff points, we compared the orig-
inal expected cutoff percentiles, previously 
established by the government committee for 
use in the INSS (PRISMA System), with the 
validated IFBRA cutoff points. Differences 
are observed in the total sum scores and in 
the number of people whose classification 
category changes (table 1).

Table 1. Comparison of the frequency and proportions of the disability severity classifications officially implemented 
(PRISMA) and after the validation process (IFBRA) of the Brazilian Census among 17,350 insured persons with disabilities, 
October 2013 to January 2016

Non-validated 
PRISMA

IFBRA validated categories

Severe Moderate Mild No benefits

Total
%

2050 Ⱶ6060* 6060 Ⱶ6750* 6750 Ⱶ7750* 7750 Ⱶ8201

Category 0 1 2 3

Severe 0 2,157 0 0 0 2,157

2050 Ⱶ5740* 12.43 0.00 0.00 0.00 12.43

Moderate 1 1,344 1,735 0 0 3,079

5740 Ⱶ6355* 7.75 10.00 0.00 0.00 17.75

Mild 2 0 2,211 6,172 0 8,383

7585 Ⱶ8201 0.00 12.74 35.58 0.00 48.32
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Table 1. Comparison of the frequency and proportions of the disability severity classifications officially implemented 
(PRISMA) and after the validation process (IFBRA) of the Brazilian Census among 17,350 insured persons with disabilities, 
October 2013 to January 2016

Non-validated 
PRISMA

IFBRA validated categories

Severe Moderate Mild No benefits

Total
%

2050 Ⱶ6060* 6060 Ⱶ6750* 6750 Ⱶ7750* 7750 Ⱶ8201

Category 0 1 2 3

No benefits 3 0 0 920 2,811 3,731

0.00 0.00 5.29 16.20 21.50

Total
%

3,501 3,946 7,092 2,811 17,350

20.18 22.74 40.88 16.20 100.00

Cumulative % 20.18 42.92 83.8 100.00

Source: Prepared by the authors.

Notes: Cutoff points are marked with (*). PRISMA stands for the Information and Systems Regionalization Project.

In this population survey, severity cate-
gories can be defined as the absolute values 
of the sum scores of the pair of evaluators 
or as the distribution of percentiles. Because 
absolute values range from 2,050 to 8,200, 
the class ranges that demonstrate the best 
efficacy, as suggested by the ROC curves, are 
marked on the column labels. The table com-
pares the validated values (columns) with the 
official class ranges (rows) used in the INSS 
National Census The computer’s automatic 
sum of scores represents the corrected values 
after applying Fuzzy logic.

According to these results, the cut-off point 
for classifying PwD workers as ‘severe’ should 
be increased from the 12th to 20th percentile; 
the ‘moderate’ category, from the 30th to the 
43rd percentile; and the cut-off point for those 
‘without benefits’, from the 78th to the 84th 
percentile, as can be seen by subtracting the 
values in the margins of table 1. This char-
acterizes a ‘general shift to the right’ when 
examining the validated correction for the 
three cutoff points for the IFBRA sum scores.

Discussion

It is commonly stated in applied sciences, such 
as biology, ecology, and epidemiology, that it 

is impossible to maximize gains to infinity 
without incurring unacceptable losses21,22,28. 
Applying this logic to the search for justice, the 
binary sensitivity and specificity tables, which 
examined a series of variable cutoff points, 
allowed us to determine the best cutoff points 
at which the associated maximum specificity 
limited the maximum sensitivity27,29. 

The ROC graphics with the largest area 
under the curve and a common sensitivity 
and specificity of 84.8% were considered 
best for determining the IFBRA summation 
scores. This demonstrated good statistical 
power, since screening tests in public health 
should minimize error in classifying severe 
disability in PwD workers and, conversely, 
minimize injustice by denying eligibility for 
social benefits when rights are guaranteed for 
‘non-severe’ cases.

The combination of sensitivity and speci-
ficity curves produced ROC curves in which 
the best profile for including gains in detection 
followed the same criterion used to exclude 
PwDs from early retirement benefits.

In addition to the main concerns about 
the discriminant power for the binary PwD 
x Non-PwD condition, it is always necessary 
to be cautious when classifying a person as 
‘moderate’ or ‘mild’, and as ‘mild’ or ‘unde-
fined’. These conditions have lower specificity 
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and sensitivity, and, in general, people may 
disagree with their evaluators and request 
another test. Discriminating between these 
levels is either a subtle way of perceiving and 
registering the social barriers that characterize 
the concept of disability, or implies prejudic-
es against disability that are still present in 
Brazilian society.

Based on these parameters, the search for 
the best implementation of the IFBRA found 
that the best pair of evaluators was the one 
with the most caution, as physicians’ and social 
workers’ evaluations showed a significant dis-
crepancy compared with those carried out by 
the insured PwDs themselves. Despite the 
initial concerns, these proved to be the best 
operator pairs for the IFBRA, wherever the 
INSS carried out its evaluation. From the epi-
demiological point of view, this means greater 
effectiveness of public policies for workers’ 
health12,25.

The criterion used to establish these cut-off 
points is recognized as the ‘platinum stan-
dard’, resulting from the Boolean algebraic 
intersection of physicians’ and social workers’ 
evaluations (MD ∩ SW). This reference re-
flects the naturalized social position of both 
professional groups relative to the examinees. 
It depends on the medical and social construc-
tion of disability and on interpretations of the 
rights enshrined in LC No. 142/20136.

This ‘platinum standard’ does not imply that 
the pairs of physicians and social workers were 
‘right’ or ‘wrong’. It simply means they are 
good pairs of operators for the IFBRA instru-
ment, regardless of their disagreement with 
PwD workers over disability concepts and the 
social construction of their views of social and 
environmental barriers. The IFBRA construct 
mediates this disagreement by selecting spe-
cific domains and questions that redirect the 
evaluator’s view in ways that do not necessarily 
align with the PwD worker’s perceptions. A 
more in-depth analysis is needed to assess each 
item’s discriminating and informative power, 
as well as the IFBRA domains.

Changing the cut-off points after validation 
allowed workers from across the country to be 
recalled for recognition of additional benefit 
gains; this applied to more than 4,400 (out of 
17,350) examinees. All of these workers could 
move to the next severity level, with the most 
frequent change being workers originally clas-
sified as ‘mild’ advancing to ‘moderate’. This 
means that 1,340 people could anticipate their 
retirement by ten instead of six years, while 
2,210 people could anticipate their retirement 
by six instead of twoyears8,9.

Limitations

We estimated that more than 300,000 people 
were eligible in Brazil; however, only 17,350 
appeared for the assessment. There were no 
resources to recover a sample of non-respon-
dents nationwide or to make the examined 
group more random. When analyzing all re-
spondents, we observed that some variables 
were not recorded. These missing observations 
were attributed to registration by public agents 
who entered supplementary individual data 
that linked the INSS computers to the complete 
databases of official databases. Inconsistencies 
in typing and linking the databases were the 
main cause of missing observations and incom-
plete records. Another cause of incomplete-
ness and inconsistency was recording answers 
to the personal self-assessment, which social 
workers were responsible for, at the end of the 
IFBRA assessment. Disagreements with the 
person evaluated may have contributed to the 
failure to enter the data after the interviews.

With 17,350 participants attending, there is 
likely survival bias among the cases registered 
in the PRISMA system. People with greater se-
verity would likely attend less often, increasing 
the proportion of people with lower severity. 
This limitation is common in cross-sectional 
studies. Finally, the eligibility criteria require 
contribution time and service that people with 
more severe disabilities find difficult to meet.
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Final considerations

According to evaluations by physicians and 
social workers, the official cut-off points were 
set to deny benefits for a wide range of dis-
abilities, based on the intensity and quality of 
disability and the cumulative number of years 
PwDs had already contributed.

The IFBRA demonstrated high accuracy 
and validity according to the new reference 
standard. In this sense, three cut-off points 
are suggested for the sum of the scores and 
their respective percentiles: 6,060 – 20%, 
6,750 – 43% and 7,750 – 84%, with the conse-
quent possible recall of 4,400 PwD workers 
to guarantee their legal rights. We could not 
locate publications that constructed reference 
standards using a method similar to the one 
presented in this study; thus, we considered 
it feasible to use it in other countries.
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